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ABSTRACT 


The  Seasonal  Cycle  Dependence  of  Temperature  Fluctuations  in  the 

Atmosphere.  (August  1994) 

Bridget  Frances  Tobin,  B.S..  Creighton  University 
Chair  of  Advisory  Committee:  Dr.  Gerald  R.  North 

The  correlation  statistics  of  meteorological  fields  have 
been  of  interest  in  weather  forecasting  for  many  years  and  are 
also  of  interest  in  climate  studies.  A  better  understanding  of  the 
seasonal  variation  of  correlation  statistics  can  be  used  to 
determine  how  the  seasonal  cycle  of  temperature  fluctuations 
should  be  simulated  in  noise-forced  energy  balance  models.  It  is 
shown  that  the  length  scale  does  have  a  seasonal  dependence  and 
will  have  to  be  handled  through  the  seasonal  modulation  of  other 
coefficients  in  noise-forced  energy  balance  models.  The 
temperature  field  variance  and  spatial  correlation  fluctuations 
exhibit  seasonality  with  fluctuation  amplitudes  larger  in  the 
winter  hemisphere  and  over  land  masses.  Another  factor 
contributing  to  seasonal  differences  is  the  larger  solar  heating 
gradient  in  the  winter. 

40  years  of  monthly  mean  surface  data  and  25  years  of 
monthly  mean  700mb  and  500mb  data  is  averaged  over  the 


seasons.  The  spatial  correlation  of  four  northern  hemisphere  mid- 
latitude  test  sites,  two  ocean  sites  and  two  land  sites,  at  the 
surface,  at  700mb  and  at  500mb  is  examined  for  the  winter, 
spring,  summer  and  fall.  The  correlations  between  the  different 
vertical  levels  and  the  variance  of  each  level  is  also  presented  and 
examined. 
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INTRODUCTION 

The  spatial  correlation  of  meteorological  fields  has  been  of  interest  in 
weather  forecasting  for  many  years.  It  is  used  in  optimal  interpolation 
schemes  in  the  preparation  of  input  for  numerical  weather  forecasts  since 
data  are  collected  at  irregularly  positioned  stations  and  model  input  is  on  a 
regular  grid.  The  correlation  structures  are  also  of  interest  in  climate  studies. 
A  better  understanding  of  the  seasonal  variation  of  correlation  statistics  can 
be  used  to  determine  how  the  seasonal  cycle  of  surface  temperature 
fluctuations  should  be  simulated  in  noise-forced  energy  balance  models 
(nfEBMs).  If  the  length  scale  of  the  fields  does  not  have  a  seasonal  variation, 
it  may  be  possible  to  include  seasonal  modulation  of  the  fluctuations 
exclusively  in  the  forcing  noise.  If  the  length  scale  does  have  a  seasonal 
dependence,  the  fluctuations  will  have  to  be  handled  through  the  seasonal 
modulation  of  system  parameters,  such  as  the  diffusion  coefficient. 

Until  recently,  most  of  what  is  known  concerning  interannual  and 
interdecadal  variability  in  the  temperature  fields  has  been  limited  to  the 
analysis  of  the  horizontal  structure  of  surface  air  temperature  records  for  land 
stations.  This  study  is  an  exploratory  data  analysis  of  monthly  mean 
temperature  data  averaged  into  seasons,  it  will  concentrate  on  the  patterns 
of  spatial  correlation  of  temperature  at  the  surface,  700mb  and  500mb.  the 
differences  in  the  spatial  correlation  at  different  test  sites,  the  correlation 
between  the  surface  and  700mb.  the  surface  and  500mb,  and  700mb  and 
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500mb  and  the  variance  of  the  temperature  field  at  these  three  levels.  Earlier 
studies  of  temperature  fields  focus  on  global  surface  temperature  (Hansen 
and  Lebedeff,  1987),  on  temporal  trends  in  surface  temperature  (Jones, 
1988),  the  variance  of  northern  hemisphere  surface  temperature  by  seasons 
overtime,  but  not  over  space  (Jones  and  Briffa,  1992).  Kim  and  North  (1991) 
compared  the  results  of  noise-forced  energy  balance  models  with  the 
observational  results  of  the  same  surface  data  set  used  in  this  paper,  but  did 
not  include  upper  level  data. 

The  autocorrelation  length  scale  found  in  annual  averaged 
observational  surface  temperature  data  is  about  1500km  (Hansen  and 
Lebedeff,  1987;  Kim  and  North,  1991).  1500km  is  the  inherent  length  scale 
for  long  term  averages  in  noise-forced  energy  balance  models  (North,  1982). 
It  also  happens  to  be  the  characteristic  size  for  the  synoptic  scale  features 
that  are  prominent  on  daily  weather  maps.  This  latter  is  probably  due  to  the 
corresponding  size  of  the  Rossby  radius  of  deformation  (Hess,  1959).  The 
climate  (time  averaged  data)  length  scale  is  not  solely  determined  by 
dynamical  considerations  but  seems  to  be  dependent  on  radiation  damping 
as  well. 

It  is  interesting  to  see  if  this  is  a  property  exclusively  of  the  surface 
temperature.  If  one  takes  disks  of  1 500km  radius  and  covers  the  earth,  about 
65  are  required.  This  implies  there  are  about  65  statistically  independent 
regions  on  the  earth  with  respect  to  low  frequency  surface  temperature 
fluctuations  (Hardin  and  Upson,  1993).  If  the  correlation  lengths  are 
significantly  larger  in  one  season  than  in  the  other,  it  may  be  possible  to  use 
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fewer  than  65  statistically  independent  regions  to  cover  the  earth  during  that 
season.  At  the  same  time,  the  correlation  areas  seem  to  be  largest  in  the 
more  variable  seasons.  This  coincidence  suggests  that  a  compensation 
occurs  making  the  sampling  errors  seasonally  invariant.  Currently  it  is 
unclear  whether  the  present  distribution  of  surface  temperature  gauges  is 
adequate  for  estimation  of  large  scale  temperature  features  and  this 
uncertainty  has  resulted  in  questions  about  whether  temperature  anomalies 
on  a  hemispheric  or  global  basis  can  be  inferred  from  conventional  data. 

The  surface  temperature  field  variance  and  spatial  correlation  do 
exhibit  seasonality.  Variability  of  hemispheric  surface  temperatures  is 
largest  in  the  winter,  followed  by  spring,  fall  and  summer  (Jones  and  Bradley, 
1992).  Fluctuation  amplitudes  are  larger  In  the  winter  her.iisphere  because 
there  is  more  potential  for  atmospheric  flow  instabilities.  The  fluctuations  are 
also  larger  over  land  masses.  The  different  effective  heat  capacities  of  land 
and  ocean  mixed  layer  are  partially  accountable  for  the  larger  fluctuations  in 
the  winter  hemisphere.  The  heat  capacity  of  the  water  is  about  three  times 
that  of  dry  soil  and  double  that  of  wet  soil.  Therefore,  land  surfaces  heat  and 
cool  much  quicker  than  oceans.  Furthermore,  turbulent  mixing  causes  the 
effective  heat  capacity  over  ocean  areas  to  be  another  order  of  magnitude 
larger.  Heat  storage  in  the  oceans  causes  them  to  be  warmer  in  winter  and 
cooler  in  summer  than  land,  ignoring  the  effects  of  ocean  currents  (Barry  and 
Chorley,  1982).  Finally,  the  solar  heating  gradient  is  larger  in  winter  than  in 
summer.  These  results  combine  to  cause  larger  transient  thermal  gradients 
in  the  winter  and  the  increased  potential  for  dynamic  instability. 


OBJECTIVES 


The  research  goal  of  this  study  is  to  expand  current  knowledge  of  the 
correlation  statistics  of  seasonally  averaged  temperature  fields  at  the  surface, 
700mb  and  500mb.  To  achieve  this  goal,  this  study  examines  four 
representative  sites  in  the  Northern  Hemisphere  mid-latitudes.  How  the 
spatial  correlations  vary  seasonally  for  the  four  different  test  sites  and  how 
the  pattern  of  spatial  correlation  changes  vertically  through  the  troposphere 
at  each  of  these  test  sites  will  be  examined.  The  correlation  between  the 
different  vertical  levels  are  also  examined  for  an  area  surrounding  each  test 
site  that  corresponds  to  the  .368  (1/e)  correlation  distance.  Finally,  the 
variance  over  the  northern  hemisphere  for  the  seasonally  averaged 
temperature  fields  is  also  presented. 
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DATA 

The  primary  data  for  this  study  consist  of  two  temperature  data  sets. 
The  surface  data  is  from  the  United  Kingdom  global  surface  temperatures 
prepared  and  maintained  by  NCAR.  Using  the  most  comprehensive  climate 
data  Jones  et  al.  (1986)  and  Jones  (1988)  have  produced  a  grid-point  data 
set  of  surface  air  temperature  anomalies  for  each  month  since  January  1851. 
To  overcome  the  irregular  distribution  of  individual  stations,  the  basic  station 
data  has  been  interpolated  to  a  grid.  Air  temperatures  are  used  over  land 
and  water  temperatures  over  ocean.  This  data  set  combines  the  grid-point 
land  and  grid-box  marine  data  into  a  5°X5°  grid  box  data  set.  Where 
collocated  land  and  marine  grid  data  occur,  the  resulting  value  in  a  grid  box 
is  the  average  of  the  land  and  marine  components.  The  temperature  data 
are  expressed  as  departures  from  the  common  reference  period  mean  of 
1951-70  to  enable  interpolation  to  be  easily  achieved.  Absolute  mean 
temperatures  recorded  at  neighboring  stations  will  vary  because  of  factors 
such  as  site  evaluation  and  techniques  used  to  calculate  mean  monthly 
temperature.  Interpolation  of  data  in  absolute  values  will  also  be  affected  by 
these  problems  and  by  varying  station  numbers.  The  use  of  anomaly  values 
from  a  common  reference  period  overcomes  these  problems.  A 
consequence  of  this  procedure  is  that  average  hemispheric  temperatures  are 
only  calculated  in  relative  and  not  in  absolute  terms.  The  marine  data  is  the 
result  of  both  marine  air  and  sea  surface  temperature  measurements  taken 
by  ships.  The  marine  air  temperatures  are  subject  to  biases  induced  by  the 
overheating  of  poorly  located  thermometers  by  solar  insolation.  These 
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biases  have  changed  with  time  as  ships  have  increased  in  size  (height 
above  sea  surface)  and  speed.  Marine  data  are  also  subject  to  biases 
induced  by  the  different  methods  of  sampling  the  sea  water.  Before  World 
War  II  the  sea  water  was  collected  in  an  uninsulated  canvas  bucket.  There 
was  also  a  delay  between  sampling  and  measuring  the  temperature. 

Though  the  delay  was  only  a  few  minutes,  it  was  enough  time  for  the  water  in 
the  bucket  to  cool  slightly  by  evaporative  means.  Since  World  War  n  most 
readings  have  been  made  in  the  intake  pipes  through  which  sea  water  is 
taken  on  board  ships  to  cool  the  engines.  The  bucket  measurements  are 
cooler  by  0.3-0.7°C.  A  method  has  been  developed  to  correct  for  the 
uninsulated  buckets.  The  coverage  of  SST  measurements  is  largely 
determined  by  merchant  shipping  routes.  In  most  analyses  (Jones  and 
Wigley,  1990;  Jones  et  al.,  1991 :  Folland  et  al.,  1990)  temperatures  over  the 
ocean  can  be  estimated  using  sea  surface  temperature  anomalies  providing 
improved  spatial  coverage.  Although  the  difference  between  air  and  sea 
temperatures  can  be  up  to  6-8°C  in  absolute  terms,  the  two  marine  sets  are  in 
excellent  agreement  in  anomaly  terms.  Sea  surface  temperature  anomalies 
are,  therefore,  an  excellent  surrogate  for  marine  air  temperature  anomalies 
(Jones  and  Briffa,  1992).  Data  is  available  from  85°N  to  65®S  on  a  5®  grid  for 
January  1851  through  April  1990. 

The  upper  air  data  is  also  prepared  and  maintained  by  NCAR  and  was 
produced  by  splicing  together  several  different  grids  from  different  analysis 
routines  and  interpolating  them  onto  a  common  grid.  Data  is  available  for  the 
Northern  Hemisphere  only,  starting  at  20°N.  The  sampling  rate  is  twice  daily, 
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at  OOZ  and  12Z.  The  700mb  temperature  data  is  available  for  January  1963 
through  September  1993.  The  SOOmb  temperature  data  starts  in  January 
1964  and  ends  in  September  1993. 

For  this  study.  40  years  of  surface  data  will  be  examined,  starting  in 
1950  and  ending  in  1989.  Prior  to  1950,  up  to  60%  of  global  surface  area 
was  without  data  coverage  which  is  the  primary  motivation  for  only  examining 
data  after  that  time  (Fig.  1 ).  25  years  of  upper  air  data  will  be  examined, 
starting  in  1 964  and  ending  in  1 988.  The  surface  data  grid  is  from  87.5*^S  to 
87.5°N  and  2.5®E  to  357.5®E.  The  upper  air  data  grid  is  from  0®N  to  90®N 
and  5‘'E  to  355°E.  To  account  for  the  grid  differences  when  correlating  the 
surface  and  upper  air  data,  an  average  will  be  taken  over  an  equal  number  of 
grid-points.  All  examination  of  data  will  be  done  as  seasonal  averages  of 
monthly  means.  Seasons  are  taken  to  be  December,  January,  February 
(DJF)  for  winter,  March,  April,  May  (MAM)  for  spring,  June,  July,  August  (JJA) 
and  September,  October,  November  (SON)  for  fall.  This  study  examines  four 
representative  sites  in  the  Northern  Hemisphere  mid-latitudes.  The  locations 
include  two  land  areas,  one  in  central  North  America  (37.5°N,  262.5®E)  and 
one  in  central  Asia  (52.5®N,  92.5®E),  and  two  ocean  locations,  an  area  over 
the  Pacific  (37.5®N,  212.5®E)  and  an  area  over  the  North  Atlantic  (52.5®N, 
332.5®E).  At  the  700mb  and  SOOmb  levels  the  test  sites  will  be  50®N;  90®E; 

40®N,  260®E;  40®N  ,  210®E;  and  50®N,  330°E.  These  test  sites  are  the  four  of 
the  six  points  studied  in  Kim  and  North’s  study  of  second  moment  statistics 
from  a  noise  forced  energy  balance  model  (1991). 


Year 

FIG.  1 .  The  percentage  of  global  surface  area  without  data  coverage  from 

1900  to  1990. 


SPATIAL  CORRELATION  AT  DIFFERENT  VERTICAL  LEVELS 

The  spatial  correlation  pattern  over  central  North  America  for  the 
winter  season  (Fig.  2)  is  concentrated  around  the  test  site  at  the  surface  .  The 
west-east  boundaries  are  the  Rocky  Mountains  (247.5‘’E)  and  the  east  coast 
(292.5*’E).  The  north-south  borders  are  the  southwest  coast  of  the  Hudson 
Bay  (57.5*^N)  and  the  Gulf  Coast  (32.5‘’N).  Small  correlations  are  also 
apparent  over  the  central  Atlantic  and  over  the  Tibetan  Plateau  and  a  barely 
discernible  correlation  exists  over  Scandinavia.  At  700mb  ,  the  correlation 
pattern  exhibits  the  same  size  over  the  North  American  continent,  but  the 
pattern  exhibits  elongation  to  the  east  and  a  correlation  maximum  exists  over 
the  Atlantic  that  is  much  stronger  than  It  was  at  the  surface.  A  third  correlation 
maximum  is  centered  in  an  area  east  of  Scandinavia  and  west  of  the  Ural 
Mountains.  The  SOOmb  correlation  pattern  is  essentially  the  same  as  the 
700mb  pattern  but  is  not  as  strong.  All  three  correlation  areas  are  vertically 
stacked.  The  correlation  is  apparent  at  all  three  levels  and  the  pattern  is 
strongest  at  700mb. 

In  the  spring  (Fig.  3),  the  next  most  variable  season,  the  spatial 
correlation  around  the  test  site  at  the  surface  is  much  smaller,  with  much  less 
north-south  extent.  There  are  no  other  areas  of  correlation  at  the  surface.  At 
700mb,  the  spatial  correlation  immediately  around  the  test  site  includes  the 
same  amount  of  area  as  at  the  surface,  but  a  second  area  has  become 
apparent  over  Greenland,  a  small  area  is  visible  off  the  east  coast  of  China 
and  a  well  defined  area  exists  over  the  North  Pacific.  At  SOOmb  the  spatial 
correlation  around  the  test  point  is  larger  and  exhibits  some  elongation  to  the 
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(a) 


(b) 


(c) 


FIG.  2.  Spatial  correlation  of  winter  temperatures  over  North  America,  (a)  SOOmb 
data  at  260°E,40°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  262.5«E,37.5®N  for  1950-1989. 


same 
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east,  and  the  area  over  the  North  Pacific  is  larger  and  also  exhibits  some 
elongation  to  the  east.  The  correlation  over  Greenland  is  unorganized  and 
correlation  is  now  apparent  over  the  entire  Arctic  region.  The  spatial 
correlation  at  the  test  site  continues  to  be  vertically  stacked.  The  North 
Pacific  correlation  is  also  stacked  and  organized  at  the  500mb  level. 

At  the  surface  the  fall  spatial  correlation  includes  more  area  around 
the  test  site  than  in  the  winter  or  the  spring  (Fig.  4).  The  east-west  orientation 
is  the  same  as  in  the  winter  and  in  the  spring,  but  the  area  is  elongated  in  the 
north-south,  with  the  northernmost  area  north  of  the  Hudson  Bay.  Another 
center  is  visible  at  the  surface  over  Siberia.  At  700mb  the  correlation  around 
the  test  site  is  more  compact,  in  fact,  it  is  very  similar  to  the  spring  700mb 
correlation.  The  700mb  correlation  also  exhibits  waves,  with  a  correlation 
maximum  over  the  Atlantic  and  the  east  coast  of  Spain  and  a  large  area  of 
correlation  over  Siberia.  The  500mb  correlation  exhibits  waves  in  the  same 
areas.  As  in  the  winter  case  these  correlations  are  vertically  stacked,  barely 
discernible  at  the  surface  and  most  readily  apparent  at  the  700mb  level. 

The  summer  season  is  the  least  variable  season.  At  the  surface,  the 
spatial  correlation  is  much  smaller  around  the  test  site  than  in  any  other 
season  and  is  elongated  slightly  to  the  north  (Fig.  5).  A  second  unorganized 
area  is  located  over  the  Pacific  coast  of  south  China.  The  upper  level 
correlations  are  completely  unorganized,  with  numerous  waves  over  the 
entire  area  of  available  data. 

The  second  test  site  examined  is  in  Siberia  on  the  larger  of  the  two 
land  areas.  As  in  North  America,  the  area  around  the  test  site  exhibits  simitar 
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FIG.  4.  Spatial  correlation  of  fall  temperatures  over  North  America,  (a)  SOOmb 
data  at  260°E,40°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  262.5°E,37.5®N  for  1 950-1 989. 
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(c) 


FIG.  5.  Spatial  correlation  of  summer  temperatures  over  North  America,  (a)  SOOmb 
data  at  260°E,40°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  262.5®E,37.5«N  for  1 950-1 989. 
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correlation  at  all  three  levels  during  the  winter  (Fig.  6).  The  largest  areal 
extent  at  this  test  site  occurs  at  the  surface,  in  contrast  with  the  North 
American  case,  which  had  the  largest  area  at  700mb.  Other  areas  of 
correlation  are  present  in  the  field,  an  area  north  of  Alaska,  a  small  area  off 
the  west  coast  of  North  America  and  a  smaller  area  over  eastern  Greenland 
are  present.  These  areas  of  correlation  don’t  extend  to  the  surface  in  all 
areas.  As  in  the  previous  case,  the  pattern  is  best  seen  at  700mb. 

In  the  spring  the  correlation  area  is  smaller  than  was  the  case  in  the 
winter  around  the  test  site  (Fig.  7).  As  in  the  winter  case  there  are  additional 
areas  with  one  over  northern  Europe,  another  in  the  central  Atlantic  and  one 
in  the  Pacific.  These  subsequent  areas  do  not  extend  to  the  700mb  level.  At 
700mb,  there  is  are  areas  in  Texas,  over  northern  Greenland  and  over  the 
Bering  Strait.  This  pattern  does  not  extend  to  the  500mb  level.  At  500mb  the 
test  site  correlation  is  stretched  to  the  east  and  the  waves  over  Europe  and 
the  Pacific  are  again  apparent. 

The  most  organized  wave  pattern  for  this  test  site  occurs  in  the  fall  (Fig. 
8).  The  correlation  around  the  test  site  is  nicely  stacked  at  all  three  levels,  is 
more  compact  at  the  upper  levels  and  slightly  elongated  to  the  east  at 
500mb.  A  second  correlation  area  is  located  in  the  Atlantic,  off  the  coast  of 
the  United  Kingdom,  and  a  third  area  is  over  the  southeast  coast  of  North 
America.  These  areas  are  apparent  at  all  three  levels  and  largest  at  the 
500mb  level. 

The  summer  spatial  correlation  at  the  test  site  is  very  small  at  the 
surface  with  a  second  small  area  located  in  the  North  Pacific,  just  south  of  the 
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FIG.  6.  Spatial  correlation  of  winter  temperatures  over  Siberia,  (a)  SOOmb 
data  at  QOoE.SQoN  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  92.5°E,52.5‘’N  for  1 950-1 989. 
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FIG.  7.  Spatial  correlation  of  spring  temperatures  over  Siberia,  (a)  SOOmb 
data  at  90°E,50°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  92.5'’E,52.5°N  for  1 950-1 989. 


FIG.  8.  Spatial  corn 
data  at  90°E,50°N  f< 
same  time,  (c)  i 
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Aleutian  islands  (Fig.  9).  The  700mb  pattern  is  very  unorganized,  with 
correlations  throughout  the  area  of  data  coverage.  The  500mb  area  at  the 
test  site  resembles  the  area  at  the  surface.  The  SOOmb  pattern  is 
disorganized  but  is  mostly  confined  to  the  Eurasian  continent. 

In  the  winter,  over  the  North  Pacific,  the  spatial  correlation  is  confined 
to  the  North  Pacific,  except  at  the  surface  (Fig.  10).  At  the  surface  a  small 
area  of  correlation  is  located  over  the  southeastern  coast  of  the  United 
States.  Unlike  the  land  regions  previously  examined,  the  correlation  area  is 
not  significantly  larger  at  the  surface  than  at  other  levels.  In  the  spring  the 
test  site  correlation  is  smaller  at  all  three  levels  than  it  was  in  the  winter  and  is 
significantly  larger  at  the  surface  (Fig.  11)  than  at  the  upper  levels.  The 
second  area  over  the  North  American  southeast  again  exists  but  has  moved 
to  the  west  and  now  extends  vertically  to  both  700mb  and  SOOmb.  The 
correlation  over  the  North  American  southeast  is  largest  at  the  SOOmb  level. 
There  are  also  several  other  areas  of  correlation  at  SOOmb,  one  west  of  the 
Gibraltar  Strait,  one  over  Greenland  and  one  west  of  the  Ural  Mountains. 

The  fall  spatial  correlation  is  much  smaller  at  all  three  levels  around 
the  test  site  with  the  largest  area  at  700mb  (Fig.  12).  The  only  other  surface 
correlation  is  over  the  Pacific  coast  of  Eurasia.  At  700mb,  there  are  three 
additional  areas  of  correlation.  The  area  over  the  southeastern  United  States 
is  again  apparent.  Two  more  areas  are  apparent  at  700mb,  one  over  the 
United  Kingdom  and  one  over  northern  Siberia.  At  SOOmb  the  area  over 
southeast  North  America  is  much  weaker,  the  Siberian  area  is  much  smaller 
and  the  United  Kingdom  area  has  disappeared.  During  the  Summer,  the  test 
site  spatial  correlation  at  the  surface  is  once  again  large  (Fig.  13).  At  700mb, 
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data  at  90oE,50°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 


same  time,  (c)  Surface  data  at  92.5‘’E,52.5'’N  for  1950-1989. 
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(b) 


FIG.  1 0.  Spatial  correlation  of  winter  temperatures  over  the  Pacific  Ocean,  (a)  SOOmb 
data  at  21 0°E,40°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  212.5®E,37.5®N  for  1950  to  1989. 
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FIG.  1 2.  Spatial  correlation  of  fall  temperatures  over  the  Pacific  Ocean,  (a)  SOOmb 
data  at  21 0<’E,40°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  212.5°E,37.5°N  for  1950  to  1989. 
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as  with  the  other  test  sites  in  the  summer,  the  pattern  is  unorganized  and 
covers  the  entire  hemisphere.  At  500mb  only  one  area  outside  the  test  site 
area,  in  the  South  Atlantic,  exhibits  correlation. 

The  final  test  site  is  over  the  North  Atlantic  ocean.  In  the  winter  the 
spatial  correlation  at  the  surface  is  primarily  around  the  test  site,  with  another 
small  area  in  the  central  Pacific  (Fig.  14),  At  700mb,  the  correlation  around 
the  test  site  has  elongated  to  the  west.  Another  correlation  is  apparent  over 
the  Urals  and  has  extends  to  the  south  into  the  tropics.  There  appear  to  be 
correlations  on  the  edge  of  the  data  that  would  also  extend  into  the  tropics  in 
the  Pacific  off  the  coast  of  China.  At  SOOmb  the  area  over  the  Pacific 
continues  to  extend  to  the  west  and  the  area  over  the  Urals  is  more  localized. 
In  the  spring,  the  area  of  spatial  correlation  is  smaller  at  the  surface  than  in 
the  winter  and  there  are  no  longer  any  other  correlations  apparent  (Fig.  15). 
At  700mb  and  SOOmb  levels  the  area  exhibits  a  slight  east-west  elongation 
and  a  second  area  is  apparent  in  northern  Canada.  The  fall  correlation  area 
is  not  significantly  different  from  the  spring  case  at  the  surface  (Fig,  16).  At 
700mb,  it  is  tighter  and  exhibits  elongation  to  the  east.  Another  area  in  the 
700mb  level  is  over  Siberia  and  a  third  over  Alaska.  At  SOOmb,  these 
correlation  areas  are  still  visible.  The  area  over  Alaska  is  more  organized 
than  at  700mb  and  the  area  over  Siberia  is  larger.  In  the  summer,  the 
surface  spatial  correlation  exhibits  areas  over  the  United  States  southeast,  in 
the  tropics  off  the  west  of  Africa  and  off  the  coast  of  China(Rg.  1 7).  The 
700mb,  as  in  every  summer  case, is  very  disorganized  and  at  SOOmb  the  test 
site  elongates  to  the  west  onto  the  North  American  continent.  The  SOOmb 
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(c) 


FIG.  13.  Spatial  correlation  of  summer  temperatures  over  the  Pacific  Ocean,  (a)  SOOmb 
data  at  21 0<>E,40°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  21 2.5®E,37.5®N  for  1 950  to  1 989. 
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FIG.  1 4.  Spatial  correlation  of  winter  temperatures  over  the  Atlantic  Ocean,  (a)  SOOmb 
data  at  330°E,50<>N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  332.5°E,52.5°N  for  1 950-1 989. 
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FIG.  15.  Spatial  correlation  of  spring  temperatures  over  the  Atlantic  Ocean,  (a)  SOOmb 
data  at  330°E,50°N  for  1 964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  332.5“E,52.5®N  for  1 950-1 989. 
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data  at  330°E,50oN  for  1964  to  1 988.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  332.5°E.52.5°N  for  1 950-1 989. 
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data  at  330°E,50°N  for  1 964  to  1 986.  (b)  700mb  data  at  the  same  point  for  the 
same  time,  (c)  Surface  data  at  332.5oE,52.5“N  for  1 950-1 989. 
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site  elongates  to  the  west  onto  the  North  American  continent.  The  SOOmb 
level  also  exhibits  many  unorganized  areas. 
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CORRELATIONS  BETWEEN  VERTICAL  LEVELS 

Correlations  were  also  calculated  between  the  three  levels  at  each 
test  site.  In  North  America  (Fig.  18).  the  correlations  are  quite  high,  ranging 
between  0.6  and  0.87,  in  all  four  seasons.  The  highest  correlation  (0.87) 
occurs  in  the  winter  between  the  surface  and  SOOmb.  The  fall  correlation 
between  the  surface  and  SOOmb  (0.85)  is  the  next  strongest  correlation 
followed  by  the  correlation  between  the  surface  and  SOOmb  in  the  summer. 
The  spring  is  the  only  season  at  this  test  point  that  does  not  have  the 
strongest  correlation  between  the  surface  and  SOOmb.  The  correlations 
between  all  three  levels  in  the  winter  and  the  spring  are  not  significantly 
different  from  each  other.  In  the  winter  the  correlations  range  from  0.81  to 
0.87  and  in  the  spring  the  correlations  range  from  0.72  to  0.78.  In  the 
summer  and  the  fall,  the  correlation  between  the  surface  and  700mb  is  much 
lower  than  the  correlations  between  the  surface  and  SOOmb  and  the  700mb 
and  SOOmb  levels.  These  two  seasons  exhibit  correlations  that  are  similar. 

In  the  summer  the  correlation  is  0.67  between  the  surface  and  700mb.  In  the 
fall,  this  correlation  is  0.6.  The  summer  correlation  between  the  surface  and 
SOOmb  is  0.83.  In  the  fall,  this  correlation  is  0.85.  The  correlation  between  the 
700mb  and  SOOmb  levels  in  the  summer  is  0.73.  This  correlation  is  0.78  in 
the  fall. 

In  the  area  of  the  Siberian  test  site  the  correlations  are  the  stronger  in 
the  winter  for  all  three  levels  (Fig.  19).  In  the  winter  the  correlation  between 
the  surface  and  the  700mb  level  is  0.34.  In  the  other  seasons,  the  correlation 
between  these  two  levels  are  not  significantly  different  from  0  and  range  from 
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FIG.  18.  Vertical  correlations  over  North  America 
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FIG.  19.  Vertical  correlations  over  Siberia 
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<0.07  to  -0.05.  In  the  winter  the  correlation  between  the  surface  and  the 
500mb  level  is  0.46.  Again  the  the  correlation  between  these  two  levels  is 
not  significantly  different  than  zero  for  the  other  seasons,  ranging  from  0  to 
0.09.  The  correlation  between  the  700mb  and  SOOmb  levels  is  significant  for 
all  four  seasons.  It  is  strongest  in  the  winter  (0.87),  followed  by  the  fall  (0.77) . 
the  summer  (0.49)  and  the  spring  (0.33). 

The  first  ocean  area  examined  surrounds  the  test  site  in  the  North 
Pacific.  As  in  the  two  previous  cases,  the  winter  exhibits  the  strongest 
correlations  (Fig.  20).  The  strongest  overall  correlation  (0.93)  is  between  the 
700mb  and  SOOmb  levels  in  the  winter.  This  is  followed  by  the  winter 
correlations  between  the  surface  and  700mb  and  the  surface  and  SOOmb 
which  are  equal  (0.62).  The  spring  exhibits  the  next  highest  correlations. 

The  correlation  between  the  surface  and  700mb  is  0.57,  followed  by  the 
correlation  between  the  700mb  and  SOOmb  levels  (0.5)  and  the  correlation 
between  the  surface  and  SOOmb  (0.34).  The  next  highest  correlations  occur 
in  the  fall.  The  correlation  between  the  two  upper  levels  is  0.53,  followed  by 
0.45  between  the  surface  and  SOOmb  and  0.4  between  the  surface  and 
700mb.  In  the  summer  the  correlation  is  highest  in  the  surface  and  700mb  is 
0.27,  followed  by  0.2  between  the  700mb  and  SOOmb  levels  and  0.15 
between  the  surface  and  SOOmb. 

The  last  area  surrounds  the  test  site  in  the  North  Atlantic  (Fig.  21).  In 
all  four  seasons,  the  correlation  between  the  surface  and  700mb  is  negative. 
This  is  smallest  in  the  spring  (-0.05).  It  becomes  increasingly  more  negative, 
starting  with  -0.15  in  the  winter,  -0.27  in  the  summer  and  -0.33  in  the  fall.  The 
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FIG.  20.  Vertical  correlations  over  the  North  Pacific 


Winter  (DJF) 

Spring  (MAM) 

Summer  (JJA) 

Fall  (SON) 

Sfc-700mb 

-0.15 

-0.05 

-0.27 

-0.33 

Sfc-SOOmb 

0.13 

0.07 

0.22 

0.25 

700mb-500mb  0.83 

0.2 

0.23 

0.31 

Area  is  27.5N.302.5E;  67.5N.342.5E 


I  Sfc-700mb  □  Sfc-SOOmb  B  700mb-500mb 
FIG.  21 .  Vertical  correlations  over  the  North  Atlantic 


correlation  between  the  surface  and  SOOmb  is  strongest  in  the  fall  at  0.25, 
followed  by  0.22  in  the  summer,  0.13  in  the  winter  and  0.07  in  the  spring. 

The  strongest  correlation  for  this  test  site  is  0.83  and  occurs  between  the 
700mb  and  SOOmb  levels  in  the  winter.  No  other  correlation  comes  close  to 
this  value.  The  next  strongest  correlation  between  the  upper  levels  occurs  in 
the  fall  but  is  much  lower  at  0.31 .  followed  by  0.23  in  the  summer  and  0.2  in 
the  spring. 


36 


VARIANCE 

The  variance  of  the  surface  temperature  at  the  surface.  700mb  and 
SOOmb  levels  is  the  next  statistic  examined.  The  variability  over  the  land  is 
roughly  4-6  times  larger  than  over  the  oceans  during  the  winter  seasons  and 
2-3  times  larger  than  on  the  yearly  scale.  This  result  is  partially  explained  by 
the  fact  that  SST  is  only  a  moderately  good  estimate  of  air  temperature  over 
the  ocean.  Since  the  ratio  of  land  area  to  sea  area  between  the  latitudes  20 
and  is  very  large,  greater  than  0.80,  the  variability  of  the  land  dominates 
the  variance  statistics  (Barnett.  1978). 

In  the  winter,  the  variance  of  surface  temperature  is  confined  to  the 
landmasses  and  is  the  strongest  of  all  the  seasons,  in  the  upper  levels,  the 
variance  is  weak  with  a  bullseye  over  the  Tibetan  Plateau  at  700mb  that  is 
just  a  result  of  the  higher  surface  elevations  in  this  area  (Fig.  22). 

The  variance  of  surface  temperature  in  the  spring  is  confined  to  the 
landmasses  in  the  Northern  Hemisphere,  except  across  the  Bering  Strait  and 
is  much  weaker  than  the  winter  surface  variance  (Fig.  23).  At  700mb,  the 
values  of  the  variance  are  much  larger,  on  the  order  of  10  times  larger,  than 
they  were  either  at  the  surface  or  than  they  were  in  the  winter  with  a 
maximum  over  Siberia  and  a  smaller  maximum  over  Canada.  At  700mb,  the 
variance  is  not  confined  to  the  land  masses,  but  seems  to  exhibit  a  wave 
pattern.  The  same  is  true  at  SOOmb.  At  SOOmb  the  variance  are  still  much 
larger  than  at  the  surface,  but  smaller  than  at  700mb.  The  maximums  are  still 
apparent  over  North  America  and  Siberia. 

At  the  surface  for  the  fall  season  the  variance  is  again  confined  to  the 
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FIG.  22.  Variance  of  winter  temperatures,  (a)  SOOmb  data  tor  1 964  to  1 988.  (b)  700mb 
data  for  1 964  to  1 988.  (c)  Surface  data  for  1 950  to  1 989. 
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FIG.  23.  Variance  of  spring  temperatures,  (a)  SOOmb  data  for  1 964  to  1 988.  (b)  700mb 
data  for  1 964  to  1 988.  (c)  Surface  data  for  1 950  to  1 989. 
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landmasses  and  is  slightly  weaker  than  in  the  spring  (Fig.  24).  At  700mb.  the 
variance  is  no  longer  confined  to  the  landmasses  with  maximums  located 
over  North  America  and  Siberia.  In  the  fall,  the  values  of  the  variance  over 
Siberia  and  over  North  America  at  700mb  is  larger  than  in  the  spring.  Once 
again,  the  variance  of  the  SOOmb  level  is  smaller  than  at  700mb.  The 
variance  is  again  larger  than  in  the  spring  over  Siberia.  Over  North  America, 
the  variance  is  smaller  and  the  maximum  in  the  variance  is  west  of  the 
maximum  in  the  spring. 

The  summer  is  the  least  variable  season,  and  that  is  exhibited  in  the 
variance  (Fig.  25).  There  is  no  significant  variance  at  the  surface.  At  700mb 
there  is  an  unorganized  pattern  of  waves  with  magnitudes  10  times  smaller 
than  in  the  two  previous  seasons.  This  is  also  the  case  at  SOOmb. 
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CONCLUSIONS 

It  has  been  shown  that  the  variability  of  monthly  averaged  temperature 
field  is  largest  is  the  winter,  followed  by  the  spring,  the  fail  and  finally  the 
summer.  In  almost  every  instance  examined  this  is  the  case.  In  North 
America,  however,  the  largest  variability  of  spatial  correlation  is  exhibited  in 
the  fall.  This  is  related  to  the  differing  heat  capacities  of  land  and  oc^an 
surfaces.  Though  the  winter  hemisphere  has  the  strongest  variance,  there  is 
considerable  variation  at  every  point  over  the  hemisphere.  The  differing 
effective  heat  capacities  of  land  and  ocean  surfaces  and  the  ability  of  the 
ocean  to  transfer  energy  much  more  effectively  in  the  vertical  causes  the 
annual  cycle  in  the  lower  tropospheric  temperature  over  land  to  be  advanced 
in  phase  by  several  weeks  relative  to  the  timing  of  transition  seasons.  The 
lower  tropospheric  temperatures  over  the  continents  tend  to  be  cooler  than 
those  over  the  surrounding  oceans  in  the  autumn  and  this  reflected  in  the 
higher  variability  at  these  points. 

There  are  many  differences  between  the  test  site  in  North  America  and 
the  test  site  in  Siberia.  The  North  American  continent  is  small  enough  that 
the  oceans  on  each  coast  impact  the  continental  weather  patterns  at  the 
month  time  scale.  The  oceans  warm  more  slowly  in  the  warm  seasons  and 
cool  more  slowly  in  the  fall  and  winter  seasons  than  the  continent  and  this 
limits  the  correlation  extent  of  the  surface  temperatures.  The  generally 
westerly  flow  across  the  Rocky  Mountains  has  an  orographic  impact  that 
results  in  a  cyclogenesis  maximum  in  the  winter  and  a  smaller  maximum  in 
the  summer.  In  every  season,  the  Rocky  Mountains  provide  the  western 
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boundary  of  the  North  American  test  site.  The  Eurasian  continent  is  much 
larger  than  the  North  American  continent  and  the  Siberian  test  site  is  not 
immediately  bounded  by  two  coasts.  The  Eurasian  continent  does  not 
provide  the  same  orographic  influences  as  the  North  American  continent. 

The  largest  mountain  range  is  east-west  oriented  and  doesn’t  interact  in  the 
same  way  with  the  westerly  flow  (Palmen  and  Newton,  1969).  As  a  result,  the 
area  of  spatial  correlation  in  Siberia  is  much  larger  than  the  correlation  over 
the  North  American  continent.  A  second  result,  related  to  the  orographic 
influence  of  the  Eurasian  continent  is  the  fact  that  the  difference  between  the 
winter  correlation  pattern  and  the  summer  correlation  pattern  is  larger  over 
Siberia  than  at  any  other  test  site. 

In  every  case,  the  fall  and  winter  patterns  were  the  most  similar.  The 
transition  seasons  of  spring  and  fall  did  not  exhibit  similar  patterns.  The 
conventional  meteorological  seasons  studied  here,  though  delayed  by  about 
24  days  relative  to  the  solar  calender,  occur  in  the  Northern  Hemisphere 
about  two  weeks  earlier  than  the  transition  seasons  as  defined  by  the 
tropospheric  mean  temperature.  Temperature  exhibits  large  summer/winter 
contrasts,  and  the  differences  between  spring  and  autumn  temperature 
means  are  very  sensitive  to  the  definition  of  the  seasons.  The  conventional 
spring  season  tends  to  be  colder  and  to  have  a  stronger  tropospheric 
jetstream  than  the  autumn  season  due  to  the  projection  of  the  warm/cold 
season  onto  the  autumn/spring  differences.  A  number  of  different  factors  may 
contribute  to  the  differences  between  the  spring  and  autumn  climates.  The 
most  obvious  is  the  phase  lag  of  the  annual  temperature  cycle  over  the  sea 
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relative  to  that  over  land  at  mid-latitudes,  resulting  in  land  temperatures  being 
warmer,  relative  to  sea-surface  temperatures,  during  the  spring  transition 
season  than  at  comparable  dates  during  the  autumn  transition  season.  A 
related  effect  with  important  consequences  for  the  climate  is  the  relatively 
lower  static  stability  over  the  land  masses  during  the  spring  than  during  the 
autumn.  This  is  a  direct  result  of  the  fact  that  the  land  masses  warm  in  spring 
and  cool  in  autumn  more  rapidly  than  the  overlying  atmosphere,  which  has  a 
substantial  thermal  inertia  of  its  own  and  is  influenced  by  the  even  larger 
thermal  inertia  of  the  oceans  (Fleming  et  al.,  1987). 

It  is  interesting  to  note  that  the  fall  correlation  patterns  related  to  the 
North  American  test  site  and  the  Siberian  test  site  are  essentially  the  same. 
During  the  winter,  the  correlation  patterns  related  to  the  North  American  test 
site  and  the  North  Pacific  test  site  are  also  very  similar  at  the  700mb  and 
SOOmb  level.  This  may  lead  one  to  assume  that  there  are  relationships 
between  temperatures  at  different  points  in  the  Northern  Hemisphere  and 
that  temperatures  exhibit  “teleconnections.”  It  is  more  likely  that  these 
apparent  relationships  are  the  result  of  sampling  error  since  we  only  had  40 
years  of  surface  data  and  25  years  of  upper  air  data.  No  real  statement  can 
be  made  about  these  relationships  without  further  investigation.  It  has  to  be 
mentioned  that  a  spatial  correlation  was  also  computed  over  North  America 
5'  south  of  the  test  site.  Moving  the  test  site  in  this  way  caused  the  other 
areas  of  correlation  in  the  Northern  Hemisphere  to  disappear.  The  fall 
correlation  associated  with  the  Siberian  test  site  exhibits  a  small  correlation 
at  all  three  levels  over  the  United  Kingdom.  The  North  Pacific  test  site  also 


exhibits  a  fairly  well  organized  area  over  the  Ural  Mountains.  Moving  of 
these  two  test  sites  may  result  in  a  strong  relationship  similar  to  the 
connection  between  the  other  two  sites. 

Winter  in  the  midlatitudes  has  the  highest  baroclinic  instability,  which 
is  associated  with  vertical  shear  of  the  mean  flow  and  the  fact  that  winter  has 
the  strongest  horizontal  temperature  gradient  of  all  the  seasons,  which  must 
exist  to  provide  thermal  wind  balance  (Holton,  1992).  Because  winter  is  so 
active,  it  is  probably  just  by  chance  that  patterns  in  the  mid-latitudes  may  be 
the  same  for  different  test  sites  in  the  mid-troposphere.  In  the  winter,  spring 
and  fall,  the  correlation  areas  at  700mb  and  500mb  elongate  in  the  east-west 
direction.  This  would  be  expected,  as  the  700mb  level  is  located  above  the 
effects  of  any  orographic  influences  and  the  500mb  level  is  affected  by  the 
stronger  winds  of  the  polar  Jetstream.  The  summer,  at  all  four  test  sites,  is 
very  unorganized  at  the  700mb  level. 

These  results  show  that  the  length  scale  of  the  correlation  statistics 
does  exhibit  a  seasonal  dependence,  but  that  it  is  also  impacted  by  other 
factors  such  as  orography  and  the  proximity  of  oceans.  The  next  steps  in  an 
estimation  program  to  assess  the  importance  of  these  effects  will  be  to 
develop  the  appropriate  cyclostationary  framework  and  then  to  compute  the 
empirical  orthogonal  functions  (Kim  and  North,  1993;  Shen  et  al.,  1994). 
Other  members  of  the  Climate  System  Research  Program  (CSRP)  are 
presently  at  work  on  this  aspect  of  the  project. 

The  vertical  correlations  of  month  averages  at  these  four  test  sites 
provide  interesting  results.  North  America  exhibits  large  correlations 
between  all  three  levels  for  every  season.  Over  Siberia  the  correlations 
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between  the  surface  and  700mb  and  between  the  surface  and  SOOmb  are 
insignificant,  except  during  the  winter.  The  correlation  between  the  upper 
levels  is  largest  in  the  winter,  followed  by  the  fall,  the  summer  and  the  spring. 
The  correlations  over  the  North  Pacific  are  strongest  between  all  levels 
during  the  winter.  Once  again,  the  correlation  between  the  upper  levels  is 
largest  in  the  winter,  followed  by  the  fall,  the  summer  and  the  spring.  The 
correlations  over  the  North  Atlantic  are  insignificant  everywhere  except 
between  the  upper  levels  during  the  winter  season.  These  vertical 
correlations  result  in  a  barotropic  atmosphere  over  North  America  on  a 
monthly  time  scale  and  baroclinic  atmospheres  over  the  other  test  sites. 

Hsu  and  Wallace  (1985)  analyzed  the  wintertime  Northern 
Hemisphere,  5-day  mean  sea  level  pressure  field  to  investigate  the 
possibility  that  highly  baroclinic  structures  play  an  important  role  in  low 
frequency  variability  using  orthogonal  principal  component  analysis  and 
found  fives  modes.  Two  of  these  modes  can  be  identified  with  the  North 
Atlantic  Oscillation  and  the  Pacific  North  American  teleconnections  and 
exhibit  equivalent  barotropic  vertical  structures.  The  other  three  modes 
include  a  spatial  pattern  centered  slightly  to  the  north  of  the  climatological 
Siberian  High  which  covers  most  of  northeastern  Asia,  a  spatial  pattern  over 
Asia  that  consists  mainly  of  a  single  cell  centered  over  central  China, 
poleward  of  the  Himalayas  and  a  third  spatial  pattern  that  is  characterized  by 
a  dipole  over  the  Pacific  Ocean  with  the  northern  cell  centered  over  Alaska 
and  extending  across  the  Northern  Rocky  Mountains.  These  three  patterns 
are  baroclinic. 
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If  one  compares  these  five  modes  to  the  test  sites  addressed  in  this 
paper  the  North  Pacific  test  site  is  associated  with  the  dipole  over  the  Pacific, 
the  Siberian  test  site  is  associated  with  the  spatial  patterns  over  Siberia  and 
the  North  American  test  site  is  associated  with  the  Pacific  North  American 
pattern.  The  Pacific  and  Siberian  test  sites  are  baroclinic  which  is  in 
agreement  with  the  above  results  and  the  North  American  test  site  is 
barotropic  which  is  in  agreement  with  the  Pacific  North  American  pattern. 

The  component  in  the  Hsu  and  Wallace  paper  that  could  be  associated  with 
the  Atlantic  test  site  is  equivalent  barotropic  but  is  also  to  the  north  of  the  test 
site  which  exhibits  a  baroclinic  pattern. 

As  would  be  expected,  the  variance  of  the  monthly  averaged  surface 
temperature  field  is  strongest  in  the  winter.  The  variance  of  the  surface 
temperature  field  in  the  spring  and  the  fail  are  comparable  to  one  another.  In 
the  summer  the  surface  temperature  field  exhibits  virtually  no  variance.  At 
700mb,  the  variance  is  strongest  during  the  fall  and  not  significantly  weaker 
in  the  spring.  The  700mb  variance  is  weakest  during  the  winter,  in  direct 
contrast  with  the  surface  patterns,  in  all  four  seasons  a  bullseye  is  apparent 
over  the  Tibetan  plateau,  in  response  to  the  elevated  surface.  The  variance 
at  500mb  is  again  weakest  in  the  winter.  The  spring  and  fall  are  of 
comparative  strengths  to  one  another.  The  higher  variability  at  the  upper 
levels  during  the  spring  and  fall  is  a  result  of  the  transition  seasons  increased 
longwave  numbers. 

Knowledge  of  how  the  correlation  statistics  of  temperature  fields 
behave  is  important  in  the  various  climate  estimation  problems  which  include 
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statistical  prediction,  parameter  estimation  and  signal  detection.  Expansion 
of  this  information  to  space  as  well  as  time  will  be  beneficial  to  these 
estimation  procedures  by  adding  pattern  discrimination  to  the  signal 
processing  algorithms.  The  surface  temperature  field  is  of  paramount 
importance  because  it  is  one  of  the  longest  time  series  available  for  climate 
studies,  and  record  length  is  a  crucial  limiting  feature  in  all  statistical 
estimation  schemes.  Though  there  is  less  upper  air  temperature  information 
available,  comparison  of  how  the  upper  air  fields  behave  to  how  the  surface 
temperature  fields  behave  can  can  also  lead  to  important  inferences  about 
climate. 
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